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AERONAUTIC SYMBOLS
1. FUNDAMENTAL AND DERIVED UNITS

Metric N English
Symbol
s Abbrevia-| . . . Abbrevia-
. Unit - tion i Unit = tion

Lengthoaoooo I MOtET . cmmccc e e e n m foot (or mile) . ... £5 {or mi)

(N0 ceamm H 88e0Nd .o s ‘second (or hour)..__._.{ sec (or hr)
Foregecacaaa- F weight of 1 kilogram.____ kg weight of 1 pound_.___ b
Power wemnan P , harsepower (metnc) S T horsepower..... mm hp
Speed v {lnlomebers per hour_____. kph miles per hour-._-..."mph

e treters per second. - ... mps feet per second_.______{ fps

20 GENERAL SYMBOLS

Wewht-— ‘ ‘ | v Kinematic ws0091ty .
Standard  celeration of gramty=9 80665 m[s’ p Density (mass per unib volume)

o or 32,1740 ft/gec® . ~ Standard density of dry air, 0.12487 kg—m""-s“ ab 15" o
: w . L -~ and 760 mm; or 0.002378 lb-ft* sec? '
Masge | Specific weight of “standard”. sir, 12255 Lg/mﬂ

Moment, of mertm-—m?c” (Indlcate axis of 0 07651 lb/cu ﬂ:
. radius of gyration % by proper 3 acript.) ~

‘Coeflicient of mﬂcosxty

3 AERODYNAMIC SYMBOLS

Ares . . o o S e Angle of setting of wings (relative to thmsﬁ hne)"
Aren of wing S Angle of stabilizer setting (velative to ﬂmm‘h?
Gap s . lme) 5
Span - Q Resultant momen$

Chord o Q Resultant angular velocity .

Aspect ratio, % 7 R Reynolds number, p-T}—::l where ?is 8 linear dimen-

True air speed o S sion (e.g., for an airfoil of 1.0 ft chord, 100 mph,

. ; 1 | standard pressure at 15° C, the corresponding -
Dynamic preusu?e, 2’0V2 1 , Reynolds number is .935,400; or for an airfoil-
' of 1.0 m chord, 100 mps, the corresponding

‘ L
ifh , ient Cp==%
Lits, g,bsolute coefficient C; a8 Reynolds number is 6,865, 000)

« Angle of attack
e Angle of downwash C
C e Angle of attack; infinite aspect ratio
. a¢ - Angle of attack, induced

Drag, absolute coefficient GD;ZZ%

Profile drag, sbsolute coefficient Ubo=%

Induced drag, absolute coeﬁcienb ODFQ ¢ o Anglu of attack, absolute (measured {rom zero-
P gS . lift position) .
Parasite draz, absolute ¢ 1ent Opy= ‘?é o F hght"?&th az?gle

37

o L 0
Cross-wind iorce, absolute ceetllcient Ccz—s,




REPORT No. 829

SUMMARY OF MEASUREMENTS IN LANGLEY FULL-SCALE
TUNNEL OF MAXIMUM LIFT COEFFICIENTS AND
STALLING CHARACTERISTICS OF AIRPLANES

By HAROLD H. SWEBERG and RICHARD C. DINGELDEIN

Langley Memorial Aeronautical Laboratory
Langley Field, Va.

Accesion For ‘

NTIS CRA&I \l w

DTIC TAB
Unannounced Ly :
Justification ‘

BY e
Distribution |

Availability Codes

Avail andjor

Dist Special

Al

idiiitha

N




National Advisory Committee for Aeronautics

[eadauarters, 1500 New Hampshire Avenwe NW., Washington 25, D. (',

Created by act of Congress approved March 3, 1915, for the supervision and direction of the scientific study

of the problems of flight (U, 8. Code, title 49, see. 241).

[ts membership was increased to 15 by act approved

Marceh 2. 1929, The members are appointed by the President, and serve as such without compensation.

Jerome (L

Lysman J. Bricas, Ph D, Viee Chairman, Diréetor, National
Bureaun of Standards.

Cuarnes G, Anvor, Se. D, Viee Chairman, Freculive Commitlee,
Seeretary, Smithsonian Institution.

Henny H. ArwNorp, General, United States Army, Commanding
Gieneral, Army Air Forees, War Department.

WiLLiasM A. M. Burbex, Assistant Secretary of Commeree for
Acronautics.

VaNNEVAR Bush, Se. D., Direetor, Office of Scientific Research
and Development, Washington, D. C.

WinLiaym 5. Durasp, Ph. D, Stanford University, California.

Onver P. Ferors, Major General, United States Army, Chief
of Matériel, Maintenance, and Distribution, Army Air Forees,
War Department.

Hexsaskner, Seo D

Cambridge, Mass., Chairman

Averey W. Freen, Viee Admiral, United States Navy, Deputy
Chief of Naval Operations (Air), Navy Department.

WiLniam Litrnewoon, M. B, Jackson Heights, Long Island, NU Y.

Frascis W, REICHELDERFER, Sc. D., Chief, United States

Wenther Bureau,

LawnreNce B, Ricnarpson, Rear Admiral, United States Navy,
Assistant Chief, Bureau of Acronauties. Navy Department,

Iopwarp WaARNER, Se. D., Civil Acronauties Board, Washing-
ton, D. C.

OrviLLE WriGHT, Se. D., Dayton, Ohio.

Tugovore P. Wricur, Sc. D.. Administrator of Civil Aero-
nauties, Department of Commeree.

Georar W. Lewts, Sc. D., Director of Aecronautical Research

Joun F. Vicrory, LL. M., Secretary

Henry J. E. Rem, Se. D., Engincer-in-Charge, Langley Memorial Acronautical Laboratory, Langley Field, Va.

Swmiti J. DEFrancy, B. 8., Engineer-in-Charge, Ames Acronautical Laboratory, Moffett Field, Calif.

Kpwarn R. Suare, LL. B., Manager, Aireraft Engine Research Laboratory, Cleveland Airport, Cleveland, Ohio

Cantron Kesmeer, B, 8., Exceutive Engineer, Aireraft Fugine Research Laboratory, Cleveland Airport, Cleveland, Ohio

TECHNICAL COMMITTEES

ABRODYNAMICS
Power PLANTS FOR AIRCRAFT

ARCRAFT (CONSTRUCTION

OPERATING

ProprLeMs

MaTERIALS RESEARCH CCOORDINATION

Coordination of Research Needs of Mititary and Civil Aviation

Preparation of Research Programs

Allocation of Problems

Prevention of Duplication

LANGLEY MEMoRIAL AERONAUTICAL LABORATORY

Langley Field, Va.

.

AMES ARRONAUTICAL LABORATORY
Moffett Field, Calif.

Aerarr Exaing Ressarcn Laporarory, Cleveland Airport, Cleveland, Ohio

Conduet, under unificd control, for all agendies, of scientific rescarch on the fundamental problems of flight

Orrrer or ArroNavriean INtELLicENer, Washington, DL (L

Collection, classification, compilation, and dissemination of scientific and technical information on acronautics




REPORT NO. 829

SUMMARY OF MEASUREMENTS IN LANGLEY FULL-SCALE TUNNEL OF MAXIMUM LIFT
COEFFICIENTS AND STALLING CHARACTERISTICS OF AIRPLANES

By Harorn H. Swesrra and Ricitarp C DINGELDEIN

SUMDMARY

The results of measurements in the Langley full-scale tunnel
of the marimum lift coefficients and stalling characteristios of
airplanes have been collected.  The data have been analyzed
to show the nature of the effects on marimum lift and stall of
wing geometry, fuselages and nacelles, propeller slipstream,
surface roughness, and wing leading-edge appendages such as
ducts, armaments, tip slats, and airspeed heads.  Comparisons
of full-seale-tunnel and flight measurements of marimum lift
and stall are included in some cases and the effects of the different
testing techniques on the marimum-lift measurements are also
given.

The results indicated that large improvements in the marimuwm
lift and stalling characteristics of airplanes can be obta ined by
careful attention to detail design. Surface roughness, wing
leakage, and the improper location of ducts, armament, and
slats at the leading edge of @ wing have been found to cause
serious losses in the marimum Lift coefficient of an airplane.
Wings having high taper ratios and large amounts of sweepback
have been shown to be subject to poor stalling characteristics
because they are susceptible to tip stalling.  The proper com-
binations of washout and changes in camber and wing th ickness
Sfrom root to tip with taper will usually produce satisfactory
stalls on wings subjeet to tip stalling. A comparison of full-
seale-tunnel and flight measurements of the marimum lift
coefficient of an airplane showed that satisfactory agreement may
be obtained if the comparison is made under similar lest
conditions, such ax Reynolds number, slipstream, and time rate

of change of angle of attack. ’

INTRODUCTION

A considernble amount of data have been obtained relative
to the maximum lift coefficients and the stalling character-
istics of the military airplanes and mock-ups tested in the
Langley full-seale tunnel.  The results of these tests. which
have been reported separately, have been incorporated in the
present report to facilitate the use of the data by airplane
designers.

The data include, mainly, lift curves and tuft surveys for
each airplane in the service condition and as modified in
various ways in attempts to improve the maximum lift and
the stalling characteristies.  The effects of wing geometry,
such as taper and sweep, are shown with the elfects of pro-
peller operation. Reynolds number, and other characteristies
of the testing techniques.  The effects on maximum lift and

stall of adding irregularities, sueh as nacelles, guns, cooling
ducts, and airspeed heads, to the wing surfaces are also
shown. Flight observations of the stall were available for
some of the airplanes and have been ineluded in the discussion
with an analysis of the differences between wind-tunnel and
flight results. The inerements of lift coeflicient due to split
and slotted flaps as ealculated from the results of tests in
two-dimensional flow are compared with the increments
obtained from these flaps when installed on the airplanes.

AIRPLANES AND EQUIPMENT

Pertinent deseriptive data for the airplanes tested are
eiven in table [ and in the three-view drawings of figure 1.
Photographs of the airplanes and mock-ups mounted in the
Langley full-seale tunnel are presented as figure 2. Most of
the airplunes and mock-ups are shown in the condition as
received at the Langley full-seale tunnel (designated serviee
condition); a few are shown in various stages of modification
as deseribed in figure 2.

The Langley full-seale tunnel and its equipment aro
deseribed in reference 1.

METHODS AND TESTS

The stall was investignted by noting the behavior of
numerous wool tufts, approximately 3 inches long, attached
to the upper wing surfaces of the airplanes. Violent fluc-
tuations and reversals of the flow direetion of the tufts
indicated separation of the aie flow from the wing surface.
In some instances the tufts were attached, at various heights
above the wing surfaces, to light masts in order to obtain
a more positive indieation of separation. The use of masts
was found to be particularly desirable on wings having low-
drag airfoil sections and large amounts of sweepback sinee,
in these eases, the boundary-laver flow eaused the surface
tufts to change direction and appear stalled before actual
separation oceurred.

The behavior of the tults was stadied over a range of
angle of attack above and below the angle of maximum lift.
For several of the airplanes, observations were made with
the Ianding flaps retracted and deflected and with the pro-
pellers retmoved and operating at various thrust cocflicients.
In each case, foree measurements were made of the variation
of lift with angle of attack to supplement visual and photo-
graphic observations of the wool tufts. The angles of
attack shown in the figures refer, in every case, to the angle
of the wing root chord line with the free-stream direction,

1
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) Airplane 1in fired and sealed condition. : : . .
( 1 (b)) Airplane 2 in serviee condition,

(c) Airptane 3; complete mock-tip.

(f) Airplane 6 in serviee condition.

(¢) Airplane 5 in service condition.

(h) Airplane 8; partially feired and sealed.

() Airplane 7 in service condition.

F1GURE 2.—Airplunes and mock-ups mounted for tests in Langley  full-seale tunnel.
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(i Airplane v inoservice condition.

(k) Airplane 11 in serviee condition. () Airplane 12 in service condition.

(m) Airplane 13; complete moek-up.

‘o Airplane 13 camplete mock-up. (p) Airpline 16, camplete moek-up

Fiyure 2, Continued,
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Most of the meastrements were made at tnnel airspeeds
af L few tests were made
ai ~hichily fower atrspeeds,
of variation in Revnolds number, measurements were made
for <ome of the airplanes over an approximate range of
tannel veloeity fron 20 to 100 miles per hour.

approximately 60 miles per hour:
[n order to indieate the elfver

Foree readings were taken for one of the alrplanes cair-
plane Issat recular intervals while the angle of attack was
being changed at o constant rate in order to obtam w com-
parison with flicht measurements of maximum hfC coefli-
The rate of change of angle of attack per second for
These Test< was varied hotween 00257 and 0.200°,

The wsual wind-tunnet jet-boundary and blocking cor-

clent.

reetl < have been applied to all the data.

RESULTS AND DISCUSSION

The result= of measurements of maximum bttt cocllicients
and stalline characteristies of I8 airplanes tested i the
Langlev futl-seale tnnnel are summarized in the following
<ections. I most eazges the results are given for the air-
olanes with anding Qaps retracted and with landing Haps
fliv extended. The datac e gronped in the diest five see-
tioms to <how the characteristio effeets on maxmunm H and
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~tall of wing geometry, fuselages and nacelles propeller slip-
stream. surface ronghness and  leakace, and wing leading
cdue appendaces. In rhe linal sections. comparisons are
made of the merements of lift cocflicient due to split and
slotted Haps and of wind-tumnel and fhght measurements of

maxtmnm Lilt cocflicients of airplanes,

WING GEOMETRY

Conventional plan forms. Stall progressions for airplanes
with untwisted wines of different taper ratios (airplanes 12
12 ved o digure S for landing flaps retraeted

\though these data are given for com-
cluges and nucelles bt with propellers

cand 8) are pre-
and fl[”'\' defleet
plete amrplanes o
removed, the res jow trends cenerally eharacteristie of
the effeets ol win v ratio on the progression of the <iall.
With the landine  aps retracted iz 3ea, Toeal areas of
separation appeared on atrplane 13 iwing taper ratio, 4l
at the wing trailing edee near the fuselaee and behind oil-
cooler ontlets located just outhourd of cach nacelle for vela-
tively Tow angles of attack; the main stall. however, started
at the wing tips and progressed inhoard with inereasing anale
of attack.  Theoretieal <tudies treferences 2 to 41 show that,
for plain untwisted wings of hich taper ratio, the seetion
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Frorre 3. Stall progressions for airplanes with wings of different taper ratios, Connplete airplanes less propeilers,

lift coeflicients are highest near the wing tip and these see-
tions should therefore be the first to approach maximum
lift. Tip stall is further precipitated on highly tapered
wings by the spanwise variation of section Reynolds number
(reference 4. For airplane 13, the Reynolds number of the
tip sections is thus about one-fourth that of the root xections,
and the tip seetions tend to stall first,

Owing to the loss in aileron effectiveness and damping in
roll usually associated with wing-tip stall, several methods
have been devised for moving the location of the initial stall
inboard.  These methods, whiclt include washout. central
sharp leading edges, leading-edge tip slats, and increases in
camber from root to tip, are discussed in detail in veference 4.
A backward movenment of the maximum camber of the wing

sections from root to tip will also generally inprove the stall
(reference 5).

ARETILY] b

Stalling charneteristios for an airplane with a wing of low
taper ratio (airplane 12), for which X 1480 wre shown in
figure 3(a). For this airplane, stall initially occurred at the
wing root and progressed outboard with inereasing angle of
attack but did not inelude the wing tips [or the range of
angle of attack tested.  Unlike highly tapered wings, the
seetion [ift coeflicients sre highest at the root for wings with
low taper ratio.  High section lift coeflicients at the root.
together with the interferenee effeet af the fuselage, shonkd
ause the stall to oceur initially at the root seetions for air-
planes with wings of low taper ratio.  The Reynolds number
effect previously discussed for the highly tapered wing is
relatively unimportant for wings of low taper ratio.

Airplane s, which has a wing with elliptical chord distri-
bution, exhibited stall ng characteristies somewhere between
these for an airplane with o wine of high taper ratio and
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those for an airplane with a wing of low taper ratio.  Stall

initially occeurred at the root seetion but, as the angle of

attack was inereased. the wing tips hegan to stall.  Further
inereases in angle of attack eaused the two regions of stall to
merge at about one-third of the semispan inboard from the
wing ips.

Fxtendine the landine aps to maximum defleetion for

*)

atrplanes 13, 12, and N produced the stall progressions shown

in ficure 3(by. For all three airplanes, flap defleetion gener-
ally tended to “elean up™ the inboard sections of the wing.
No small areas of separation appeared at the wing trailing
edge near the root section of airplane 13 and the stall progres-
sions for airplanes (2 and 8 showed that, at simitlar angles of
RERRRY <t e voetinne of

Foodevse tho avorde o v drons Lift

Concluded,

the wings of these three airplanes were stalled with Haps
deflected than with tlaps retracted.

A particnlarly undesivable condition near the maximum
lilt coeflicient was exhibited by airplane 8 with the landing
{laps delleeted. A rapid inercase in the area of separation
with a ehange of only 1200 angle of attack was observed and
the lift deereased yapidle with =mall inereases in anele of
attack above ihe angle of maximum i Fheht
observations of the stalling characteristies of this airplane
with flaps extended showed a strong tendeney for the airplane
to ground-loop to the left in the three-point attitude. A\
brief study of this condition in Hight, with the aid of tufts
attached to the wing surfaces, indicated that an asynunetrieal

e, aih

stalling of the wing occurred at the tine the ground-looping

tondeney ‘Ir-\'ulnln'tl
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The exact nature of the effeets of flap deflection on the
stalling characteristies of airplanes is not well defined.
Flight observations of a large number of airplanes tested

in the United States and in England (references 5 and 6)

have indicated that flap deflection either improved or
ageravated the stall in abont an equal number ol cases.
Flap deflection generally tends 1o agaravate the stall by
inereasing the upwash over the outer unflapped parts of the
wing and by eleaning up the arca of separation at the root.
On the other hand, the handling characteristies of an airplane
in (ight near the stall may be improved by flap dellection il
the flap wake envelops the tail at angles of attack near the
stall and thus produces a stall warning either by tail buffeting
or by a rapid ehange in trim due to the lossin tail

cffectiveness,

approvinzite fest veloeity, Comiles per our.

Stall progressions for three typieal present-day pursuit
airplanes having twisted wings of low-drag airfoil sections
(irplanes 1, 2, and 3) are shown in figure 4. The taper ratio
and washout of the wings of these three airplanes are nearly
the same.  (See table I for wing detailso The stalls arce
strikingly similar; separation beginsg, in each ease, at the
wing-fuselage junceture and progresses outboard along the
rearward portion of the wing with inereasing angele of attack,
The stalling characteristies of these airplanes, as interpreted
from the tuft observations, are probably good.  Although
airplane 3 shows a rapid loss in Kt after the stall, no serious
trouble should be encountered by the pilot inasmuch as the
root-seetion <tall should provide adequate warning of the

approach of (7
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"Swentback wings. The efleet of sweepback on the stall-
ing bebavior ix illustrated in figare 5 by tult ehservations

for airplanes 9 and 10, Aecording to the tuft observations,

these airplanes should have poor stalling characteristies. The
control urfaces of airplane 9 are stalled at an angle of attack
well below that for (7 For airplane 10, the initial stall

‘max”

occurred at the wing tips and the arca of separation spread

rapidly inboard along the wing trailing edge with increasing

angle of attack.  Tu both eases, the air low over the upper
Lo ) o :

TR R
e e e trailing e s e

EAEREY LI IF I

toward the wing tips.

The spanwise loeation of the mitinl stall on a swepthack
wing is primarily dependent on the spanwise flow of the
boundary layver on the suction =urface (reference 7). On a
sweptbaek wing, the surface pressure gradients sweep the
slower moving air of the boundary laver toward the tip.  The
thicker boundary laver near the tip tends to stall the wing
first in that region,  ITnasmuch as the trailing edge of the
wing of airplane 10 has a ereater amount of sweepback than
sestire cepedionts hotween

that ol aoendane 9 the wnefnee s
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chordwise seetions near the trailing edge of the wing of air-
plane 10are stronger than the pressure eradients on airplane 9,
The flow toward the wing tip and the wing tip stall shoukd
therefore be more pronounced on airplane 10 thanonairptane9
and figure 5 shows that such is the case. '
FUSELAGES AND NACELLES

The addition of a fuselage and nacelles 1o a wing frequently
introduces centers ol loeal separation that may reduce the
maximum lift of the airplane but will usually improve the
When
the flow separates from the inner sections of the wing, the

handling characteristios of the airplane near the stall.

downwash at the tail is reduced and a nose-down pitehine

Effeet of fuselge and nacelles on the stalling characteristies of airplane 13,

I

fropellers removed: approsimate test veloeity, & miles per hotr,

moment results, whieh tends to deerease the arcas of separa-
tion. Furthermore, the wakes from the wing-fuselage june-
ture and the nacelles may cause a stall warning by reducing
the effectiveness of the tail or by producing tail buffeting.

The effects of Tuselages and nacelles on the maximum lift
and stalling characteristies of two models of four-engine air-
planes Giirplanes 133 and 14 are shown in figures 6 and 7.
Figure 6 shows lift curves and stall progressions for airplane 13
with the landing flaps reteacted and deflected 60.8° for
the wing alone, for the airplane with onutboard nacelles off,
and for the complete airplane.  With the landing flaps re-
tracted (fig. (). the stall progression for the wing alone
was characteristic of a highly tapered untwisted wing. The
addition of the fmselage and two inboard nacelles eaused
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Jaeal areas of separation to appear at the trailing edge of the
wing adjacent to the fuselage and behind the nacelles and
oif=cocler ontlets prior to the main stall, which started at
the wing tips. When the outboard nacelles were added to
the medel, additional stalled aveas, which were  particularly
noticeahle hehind the ail-cooler outlets, appeared at the
[Flap deflection iz 6ehn wenerally
cleaned up the inboard seetions of the wing. As for the
ense with the flaps retracted. the addition of the cutboard
maecelles with the tanding tlaps deflected 60.8° reduced the

lower aneles of attaek.

ey o the airplane and enused premature areas of separa-
tion behind the cil-cocler ontlets near the onthoared nacelles,
Tuft observations ol airplane 13 in flight canpublished)

showed stall patterns very =imilar to those observed in the

wind fonnei. The power-ofl stalls, ax observed by the pilot,
were charaeterized by o relatively slow roli-off and small
angles of roll. Adeguate stall warning was given by a de-
crense i the effeetiveness of the elevators and rudder and
by a relatively large change in the required control move-
ment. The stall patterns were practieally the same with
the Tandine flaps up or down and with the landing gear up
or down.

Stall progressions and TG curves for a model of a large
(lving boat airplane ) are shown in ligures Tan and 7(h)
for tanding faps reteacted and deflected 55°, respeetively.
For the wing alone with Haps reteacted, stall initially oe-
The avea of separation spread

D

curred at die center seetion,
outhoard along the flaps with inereasing angle of attack and
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merged with the tip stall. which started after the maximum
lift cocflicient had been reached.  Although this wing would
be expeeted 1o stall first at the tips heeause of its high taper
Ftio (& =550 root stall ecurred first, probably beeause the
thick NACA 23024 airfoil seetion at the root has a lower
maximum <cetion Lift coeflicient than the NACA 23000 sce-
don at the tpoat the test Reyvnolds nanbers Addivion of
the Tuselage 1o the wing delayed the stall abeut 2° and in-
erensed the maximunt Lt coeflicient abont 0,100 With four
naeelles added to the wing, local aveas ol separation ocearred
directly hehind the nacelles at relatively low angles of attack.

The maximium lift coellicient of the model with the nacelles.

on. however, was about (.06 higher than with the nacelles

and nacelles on the stalling charaeteristies of airplane 14

i

Propellers removed; approximate test velocity, o mdes per honr.

removed and is attributed to the mnereased effeetive wing
area due to the naecelles.
Deflecting the landing flaps
tion tfig. 7(b1y vesulted in essentially the =ame stall patterns
as observed with the flaps vetracted, exeept that the stalled
areas over the inflapped portions of the wing were slightly

55° for the wing-alone condi-

];ll'}_’l'l' 1017 ('ull«-.~|m!u||||j_' illl.‘_'ll ~ ol attack ow 111_‘.; to che indueed
upwash over those sections. For the complete airplane.
defleeting the flaps 53° removed the loeal areas of separation
hehind the nacelles that were observed with the tlaps retracted
and also inereased the area of separation near the wing tips,
No data were (I\.lll.ll)l(‘ for the .lll])l.llll‘ with nacelles re-

moved and flaps defleeted.
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FROPELLER SLIPSTREAM

The farge changes in the stalling characteristies of aie-
planes  that result frome propeller opesation are usually
attributed to the separate effeets ol the inereased axial veloe-
ity within the slipstream and of the slipstream rotaton. The
inereased veloeity within the slipstream tends to elean up the
inhoard seetions ol the wines by inereasing the local Reynolds
number and thus delaving separation along the seetions
direetly beliind the propeller. The rotation within the slip-
<tream increases the effeetive angle of attack of the wing
<ection behind the upgoing propeller blades and deereases
the effective angle of attack of the wing section hehind the
downgoing propeller blades. An asvmmetrical stall pattern

is thus produced. I addition to these effects, the downwash

Conetuded,

hehind an inelined propeller tends to reduce the effective
angles of attack of the seetions behind the propeller and
thereby delays the ocenrrenee of stall.

The effects of propeller operation on the stalling charae-
teristies of airplane 6 are shown in figure 8. With the
propeler removed, the stall progression with angle of attack
was fairly similar for both wings: with the propeller operating
at a thrust coctiicient 1. ol 0, however, the wing section
behind the apgoing propeller blades stalled at a considerably
lower angle of attack than the wing section behind the down-
going propeller blades.  Inereasing 7 to 0.2 deereased the
asvimmetry of the stall that was measared at T.=0, owing to
the faet that the inereased slipstream veloeity had a greater
effeet than the inereased slipsteeam rotation.
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Flicht measurements of the stalling characteristies showed
that airplane 6 developed o serions lelt-wing dropping temd-

eney during power-on landings. Inorder to eheek these

NATTON AL ADVISORY

COMNTTTEE FOR AKRONATUTICS

result=, measurements were made of the varmtion of rolling-
monment coeflicient with ancle of attack of the airplane with
The results of these
With the propeller

removed, the rolling-moment coetlicient of the atrplane was

the propeller removed and operating.
nreastrements are given in ligure 9.

.02 1 i ] . . . . .
‘I ppople//er removed essentially independent of angle of attack: with the propeller
o . g . ..
L | (l ] operating at 7. 0.2 however, the rolling-moment coetlicient
o . \ o '
8 ‘ o | changed  slowly  from D008 at o N7 1o 0024 at
0 ] % a g—o-lg g ¥ - o . . . . - o
< ! o0 Col¥ | e EC w  17.0° (angle of maximum Lt Above o - 17.0°%a sharp
_ | ~ b o . . ’ . .. .
¥ oA ° inerease i rolling-moment  coeflicient. which  would  be
) ~ . . L o .
S 3 6 GF Cimax sufficient to eause serious rolling instability during power-on
® 4 ho & &f Q . )
© =02 % landings, ocearred.,
§ ‘E\[ﬁ\% [n an attempt to improve the power-on stalling charace-
% y o T '0"2 teristies of airplane 6. a sharp leading edge was installed on
] Eropeller operatin > =0 . . . . . | .
£ - o4 : % = the richt wing ax shown in figure 100 The results of tuft
9™ . o .
E ohservations and lift and rollingc-moment  measurements
g made with the sharp leading edge installed on the wing are
£ &oedy ¢
5(5 also shiown in ficure 10, In general. the sharp leading edge
=06 § <hould considerably improve the stalling characteristies of
the atrplane, inasmuch as the asymmetry of the stall pattern
at high angles of attack was deereased and the large variation
- 085 < 3 75 76 0 >4 of rolling-moment  coeflicient with angle of attack was
Angle of oftack, &, deg eliminated. The maximum lift coeflictent of the airplane.
apes $e, . ™ D)0 N . Friar al
ke W ETeet of propetler aperition o the relling motrents of awrpiane G0 Arplane in II“\\ CVer, wias ll‘(lll( (‘(l from 2.30 to 1.88 })\ lll(‘ .\ll.ll[) l(‘d(lll);_’:
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The effeets of the propeller slipstream on the maximum-
lirt and stalling eharneteristies of airplane 16 with the flaps
retraeted are shown in figure 11, With the propeller idling,
little difference in the progression of the stall on the right
and left wings was noted. At 7, =0.013, however, a greater
pereentage of the wing was stalled on the side of the upgoing
propeller blades than on the side of the downgoing propeller
blades for equal angles of attack.  The maximum  lift
cooflicient was about 0.05 higher with the propeller operating
at 7o 0,013 than with the propeller idling.

Stall progressions for two four-engine monoplane models
Grirplanes 123 and 1) with propellers operating are shown in
ficures 12 and 13 The effeets of the propeller slipstream
on the stalling characteristies of airplane 13 may be obtained
by comparing figures 6 and 12, Propeller operation (7,=0.30)
cleaned up the areas of separation l){‘llill(l the nacelles

Unsteady

w Statlecd

)

ey
YRR

lediriey poreopactice:

so that the outhoard wing seetions were stalled at ¢
whereas the inboard wing sections were unstalled. This
condition may result in handling difliculties near the stall
owing to a probable los< in aileron effectiveness and damping
in roll.  Ilight tests of airplane 13 with power on and flaps
retracted, however. resulted in stalls characterized by a
relatively slow roll-ofl and small angle of roll. The develop-
ment of the rolling instability was gradual and the voll
cotld be stopped immedintely by a reduetion in angle of
attack.  These stalling  characteristies, ax measnred  in
flicht, can probably be explained by reference to figure 12
which shows that, for all angles of attack. the stalled areas
on the right and left wing surfaces are very nearly equal;
ihe development of any rolling motion would therefore be

eradunl.
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The effects of the propeller slipstream on the maximum
1ift and stalling characteristies of airplane 14 with landing
flaps retracted and deflected 55° are shown in figure 13.
Comparison of figure 13 with figure 7. which gives stall pro-
aressions for airplane t4 with the propeller removed, indieates
that in this case the stall progressions were not altered
appreeiably at the fow values of 7. (7, -0.03 with {laps
rotracted and 70 0,09 with laps deflected), althongh the
maximum lift coeflicients were inereased from 1.32 to 138
with flaps retracted and from 2.08 to 2,17 with flaps deflected.
Inereasing the thrust coeflicients to 0.13 with flaps retracted
and to 0.15 with flaps deflected deereased the pereentage of
the wing arca behind the propeller that was stalled at the
lower thrust coeflicients and further increased the maximum
lift cooflicients to 1.53 with flaps retracted and to 2.28 with

I o N H
".'Zil‘ et e

WING SURFACE ROUGHNESS AND LEAKAGE

Beeause of inereased armament requirements, wings of
present-day military airplanes must be equipped with num-
crous necess doors, inspeetion plates, gun ports, ammunition-
ejection slots, and many other items that tend to make the
wings extremely rough and to allow air leakage through the

In several casés it has been found that the ¢, may

wings.
he inereased appreciably by relatively simple modifieations
of the wings. In order to show the extent to which wing
roughness and air leakage affeet the maximum lift coefficient
of an airplane, data are presented in figures 14 to 16 for three
present-day military airplanes (airplanes 6.5, and 1. The
data include lift measurements with the wings in the serviee
condition and with the wings faired and sealed in attempts

oy perenan thie nes Sy B eoetlieionts of these airplanes
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FIGURE 15, Eifeet of wing surfuce roughness on the € of airplane 5. Propetler removed;

H . 4 =07 approvimare test veloeity, 6 miles per hour,

!
; The maximum lift coeflicients obtained for airplane 6 with
the wing in service condition and with the wing completely
faired and sealed are compared in figure 14, - As shown by
! the photographs included in figure 14, the serviee wing has
an exceptionally large number of cover plites, access doors,

S fopread arxd Sealed

. { R U
|

: i
T
t
!

107

and construetion irreculavities. In addition. a rough walk-
way projects more than % ineh from the wing surface and

the wing fold line leaves a large gap in the wing. The maxi-
nm L coeflicient was only 117 for thix airplane with the

I wing in the serviee condition.  When the wing was faired

and =ealed by masking tape, as shown in firure 4. the €
owas inereased o 1,26, The tape seals climinated leakage
‘ *throngh the wing: nevertheless, the wing was not smooth and
[ SSUS SU DU RS IS N i the (' remained refatively low.

P ‘ The offects of surface roughness on the maximum  [ift
T cocflicient of airplane & are shown in figure 15\ lillet was
: N _ installed 2t the wing-fuselage juneture of this airplane to

y , | eliminate the <harp break along the juneture, but the in-

was only 0,03, Sealing the wing aceess doors

R p—74 S ‘ crease in (5
i B mar

and the [old line further inereased the ¢ by 0.06. Tt is

[ SRS AV PR DUNIY DUNPS SO S SUNPY S

[ noted that the varintion of airfoil seetion from the root to the
' l tip of the wing of this airplane is nearly similar to that of
airplane 61 the maximum fift coetlicients obtained for air-
plane 5 in the <erviee condition and with the wing faired and

2 "] g 7 ] 20 7
Angle of attack, o, deq

Frer g 1L BEifeer ol wing sartace tontehnes on the O cal airplane 6, Propetler ittnosasl:

5 =0 approximate test velaeity, S miles per hour. seaded . however, are about 010 higher than the corresponding
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cooflicients for airplane 6. This difference is attributed
chiefly 10 the faet that the wing of airplane 5 was acrody-
namically “cleaner” than the wing of airplane 6.

Stall progres<ions. in addition to lift-cocflicient data, are
aiven in figure 16 1o show the effeets of surface roughness on
airplane 1. which has a low-deag wing.  The wing of this
airplane is exceptionally elean aevodynamieally inusmuch axs
the few access doors and cover plates are set smoothly into
the wing with uo apparent breahs in the wing” contour.’
The maximum lift coellicient of 144 for the faired and sealed

Arseplis o7 e

0

clacn, 41X, by

Etfect of wing surface roughness on the stalling charneteristies of airplane 1

condition and of 1.40 for the service wing are higher than
those obtained for airplanes 5 and 6. The stall patterns show
that the stalled areas of the fired and sealed wing were always
slichtly less, at corresponding angles of attack. than the
stalled areas of the serviee wing,

WING LEADING-EDGE APPENDAGES

Armament. -Some of the results of an investigation to
determine the elfects on maximum lift cocllicient of various

machine-gun and  cannon  installations on the wing of
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FIGURE 17, —Effect of various machine-gun (0.50-caliber) installations on the maximum lift
cocMeient of airplane 1,

airplane 11 are given in reference 8. The results of these tests
are summarized in figures 17 and 18 The €7 of 2.00 for
the anirplane with bare wings and landing flaps deflected
was used as a reference value for estimating the effects of the
various machine-gun and cannon installations.

The smallest reduction in (7 was measured with the
machine guns mounted in the flush position dig. 17, The
Ot e with fourflush cuns mounted in the high poxition (fie. 19)
was only slightly lower than the reference value, whereas the
(1ppay WS decereased 0.06 below the reference value with the
flush guns in the low position (fig. 20). The lowest vahie of
Chrpar (1.86) was measured with the 2-inch barrel extension
ifig. 21).
low flush-gun mounting fairings and breech fairings (fir. 22)
decreases the (7 by 0.00. With these fairings removed. the
i W08 reduced 0.13 below the reference value. The €7
It is

The combination of [0-inch barrel extensicn and

was 1.91 with the 18-inch barrel extension (fig. 23).
nossible that. with the Is-inch extension. the disturbanees
caused by the ends of the gun barrels passed over the wings
and resulted in a smaller loss of (7 than with the 2-inch

and 10-inch extensions.

Can- Muwae i Ctpay adt
Fest conditions Wing non 7 s mar
tairing faiving © down teleg)
Underslung instatlation 1, Rirht and left on on . Le 17.3 l
4 in.
lung installation 2, - Right and left on oo L 158
=44y i,
Completely  submerged i@ Right and left om on o1 s 7.0

instalation

~N

%

\ > L
\.r______‘_______r—

I
" — i .
' O Unidershing-cannon
108" installation I

' | i
. Submerged-cornon
35 installation

Y

Kifeet of various 20-millimeter-cannon installations on the masimum  lift
coeflicient of nirplane 11,

Frornre IS

Three 20-millimeter-cannon installations were tested on
airplane 11 and included the underslung wing eannon shown
as installation 1 (fig. 24), a modifieation designated cannon
installation 2. and the completely submerged installation
(fig. 251, The results of these tests fig. 18) show that the
highest €7 (1.96) was mensured for the submerged instal-
lations.  The maximum 1t coeflicient was 1.91 for under-
slung installation 1. Installation 1 was then modified to
installation 2 by decreasing the width of the seetion near the
leading edge of the wing and thereby reducing the abrupt
pressure change at the front of the cannon fairing. - The maxi-
mum lift coeflicient was [.95 for cannon installation 2.

The effect of installing a 37-millimeter-cannon mock-up at
the leading edgee of each wing of airplane £, which has low-drag
airfoil sections, is shown in figure 26. Observations were
made with the tufts on only the feft wing.  The results of these
tosts showed that the eannon installation eaused premature
wing stall which resulted in a reduction of 0.13 in €7 and
of about 3° in the angle of maximum lift. The adverse
offects of monnting o eannon on o wing may be reduced by
installing a fairing at the wing-cannon juncture to insure
smooth air flow over the wing section directly bebind the
NNON.




AVRPLANES 23

STALLING ¢ ARACTERISTIOS O

LIt COoLt FICHRN TS AND

AEASUBRFNENTS OF AANEMUNM

|
|
|
SUATMARY o

LMAL
J6279

1oiehiteensineh harrel extenstan i Joaw position oty richt wine, A1 plane 11

FIavRE S

Frovke 14 Flush imachine guns in high position on left wing. Airplane 1.

Frovre 24, Underslung-cannon installation L. Airplane It

Froeng M. Flush raehine guns in low pusition on right wing. Airplane t

Adrptane 1h

Frarne 2l Two-inel barrel extension in high position on left wing. Airplane H Fraviee 25, Spbimerged-cannon instatlation.

Froeie 220 Pensineh barrebextension i1 low position on rizht wing. Adrplane 110
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Two mock-ups of 20-millimeter eannon were tested on 177 for the bare wine with (laps deflected o 171 for the
both wines of airplanes 206, and 1o determine the effeets wing with the four cannon moek-ups w=talled. The cannon
on ¢ the results of these tests and sketehes <howing the installaiion on airplane Towhieh has a low-drag wing, caused
N a redietion of only 062 in ¢ 0 The <ketehes i fignre 27

cannon installations are wiven in ligure 270 The fareest s
reduction i (7 due o the cannon installations was ~how elearly that the cannons were faived smoothly into the
measured for airplane 30 which had no fairviog ac the wing- wing ol this airpline <o that no sheapt changes occurred ai
cannon juneture.  For this case. (5 was reduced from the wing-eannon juncture.
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(1) Wing gun cover piates installed,

(b) Wing gun cover plates removeid,

FroUre 2X.—Wing gun ports on airplane 1,

The effeet on the (4 of wing gun ports on airplane 1
(fig. 28) ix given in ligure 29. Sealing the gun ports with
aluminum cover plates (fig. 28() increased the ¢ ol
the airplane from 1.28 to 1.39. .\ *-inch hole was drilled
in the cover plates to allow for firing the machine guns and
the resultant maximum lift coeflicient was 0.09 higher than
with the gun ports open.

Leading-edge tip slats.—The installation of leading-edge
tip slats on o wing provides a methad for improving the air
flow over the outer wing sections of airplanes subjeet to tip
stall. The leading-edge slats, however, are effective only if

thev inerease the stalling angle of attack of the tip sections
ol the wing (o a higher value than that of the root <ections,

/.4 T R S S
i ?
S U S P
‘Iv{? ' f" o
1.0 - T
; ’ .
<
; !
SR
~ / !
¥ : :
;s : / :
3 i
(5} . H N i ! ! .
& H . . , . Lo . Lo R
& / —— Service condition :
2 ——————Wing Jun cover plates i
. stalled i
———————— ek Bole deilted in I
A qun cover plate
. ; I I -
; |
i 1
H -k i |
2 TN S NS S (RO M
] |
i i '
o & le? 16 20 24

Angle of attack, «, deg

Frernk 20, Eifeet of wing gan ports on the € oof airplane 1. 5:=0°,

Speeial care should be taken in the detail design of wing tip
slats inasmuch as several eases have been noted in which
their installation has resulted in adverse effects on the air
flow over the wing sections hebind the slats.  On airplane 7,
for example, extending the original leading-edge slats re-
sulted i premature stalling of the wing directly behind the
lats (g, 200, As originally tested, the construction of the
<lat trailing edee on this airplane required a depression in
the wing to maintain the desired wing-seetion contour when
the slat was retracted.  See lig. 300 In addition, the
slot entry was of poor acrodynamic design, so that the air
flow was not smooth, even at the slot entry.  In order to
improve the stalling characteristies of this airplane with the
slat extended, the depression in the wing into which the slat
teailing edge retracted was eliminated by fairing into the
wing contour and the slat was moved to a higher position as
shown in figure 30 With the modilied slat extended, a
substantial improvement in the air tlow over the wing was
observed, especially in the region of the ailerans; the maxi-
mum lift coellicient. however, was not materially affected
(. 30). Results of aileron-effectiveness tests (fig. 31)
<howed that the slopes of the curves of rolling-moment
coeflicient against aileron deflection at high angles of attack
were greater for the modified =lat installation than for the
orieinal <kt instatlation.
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22.1°

Originar siat instollotion,
londing geor extended
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Lift coefficient, G
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FIGURE 30, — Effeet of slat installation on the stalling characteristies of nirplane 7.

Tests of airplane 9 showed that a condition of longitudinal
instability existed at high 1ift coefficients either with the
original fixed slats attached to the airplane or with the slats
removed.  In an attempt to improve the longitudinal sta-
bility of the atrplane at high 1ilt cocilicients, the original slat
was raised slightly and moved closer to the wing leading
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N sror/ed

_ Root chord

Orignal slat ns*allation

Modified leacing edge berund slot

Modified slat installation

21.1°

Modified siat ins-atiotion,
landing geor rerrocted

2.0

L |
Vi
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Angle of aftacr, «, deq

Prapeller and tail surfaces removed: 0= 607 approximate test veloeity, 0 miles per hour,

edge to permit smoother air flow at the slot entry. Further
tests were made in which the original slat span was increased
from 20 to 36.6 percent of the wing span with the slat in the
modified position.  Stall progressions with the original slats,
with the slats in the modified position, and with the extended

slats are given in figure 32 with sketehes of the original and
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Stall progressions for the airplane with the

modified slats.
The results of the stall

alats removed arve given in figure 5.
studies show that each slat modification suecessively im-
air flow over the outer seetions ol the wing.

proved the
variation of (7,

The effects of the slat modifieations on the
with (7, and on the €% of airplane 9 are shown in figure 33,
The extended slats in the modificd  position eliminated
the longitndinal instability near the <tall and in addition
inereased the maximunt Hit coeflicient to 1.26 from 1.15 lor
the airplane with the slats removed.  Although the tests
with the oricinal slats in the modificd position were made at
a slightly higher tunnel speed, it is fairly evident that this
<at installation decreased the longitudinal instability at high
lift covilicients and also inereased the maxinim lift coeffi-
cient of the airplane.

Wing ducts. Considerable difficulty ix usually encoun-
teredd in the design of the shape and loeation of wing-duet
inlets owine to the eritieal nature of the flow at the leading

' BT Fov onernl i the nlet s nlaced 1o hich

on the wing leading edge, the mternal How =~cparates trom

MEASUREMENTS OF MANIMUM LIFT CORFFICTENTS AND STALLING ¢
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the lower fip of the duet inlet at moderate angles of attack
whereas the external flow separates over the upper lip of the
duet infet at high angles of attack and thereby induees a
preature stall and a low value of 7 . If the inlet ix
too low. the external flow separates at low angles of

placed
amd thus

attack from the upper lip just within the inlet
enuses sertous losses of total pressure.

A study of several duets inztalled in the wings of a full-
conventional single-engine pursuit air-
Langley full-scale tunnel
design on the pressure

seate mock-up of a
plane (airplane 16 was made in the
to determine the influence of inlet
duet and on the aerodynamic characteristies
of the airplane.  The results of some ol these tests, whieh are
reported in reference 9oare eiven in figures 34 to 36. The
inlet profiles, which are <hown in figures 3+ and 36, are
numbered in accordancee with the inlet designations given in
referenee 9. The effect of inlet size and shape on the maxi-
mum Lt coeflicient of the airplune is shown in figure 34 and
the effect of Lt cocflicient on the average total pressure at
the front of the radiator behind these same three inlets is
Inasmuech as the inlet areas were not
uncqual

losses within the

given in figure 35
equal for all the duets, the inlet-veloeity ratios were
at any particular lift coefficient: it is belioved, however, thal
this difference witl not detraet from the general conelusions
drawn from the resubis, The highest (5 was obtained
with inlet 5 instatled on both wings, but the total-pressure
recovery at the heat exchanger behind this inlet dropped off
very rapidly above a hift coollicient of 0.4, For this inlet.
the diffuser and the plane of the inlet opening were inclined
farther downward from the wing chord line than for inlets
2 and 4. Inlet 4 gave the best over-ull total-pressure recov-
erv at the heat exchanger: the maximum lift coelficient with
(his infet installed on both wings, however, was 0.07 lower
than forinfet 5. The lowest ¢ and over-ull total-pressure
recovery was measared for inlet 2, {or which the diffuser and
the plane of the inlet opening were most nearly parallel and
perpendicular. respectively. to the wing chord line.  Refer-
ence 9 <hows that. of the infets tested, the one eiving the best
compromise between high pressure recoveries at the heat
exchanger and satisfaciory maxinum-hit chavacieristies of
(the ducted wing had an upper lip with a Lirge leading-edge
radius conforming approximately to the econtour of the
original wing, a lower lip cut back to turn the inlet plane
downward 70° (o the chord line, and a diffuser inchined
approximately 10° to the wing chord line.

Stall progressions and Hift data are aiven in figure 56 for
three very dissimilar duet inlets foeated in the left wing of
airplane 16, These results furiher emphazize the effeeis on
maximum lift cooiiicient of lip position, leading-cdae radins,
inelination.  The highest (1.37) was
obtained for inlet 7. which has the diffuser inelined down-
ward 11° to the chord line and a Lee upper-lip lending-edgee
The maximum lift coeflicient was only 126 fot
inlet 1. for which the plane of the inlet opening was perpen-
dicular to the wing chord line. Inlet 6 was fitted with a
flapped lower lip that could be adjusted to provide smooth
air flow into the doet over o wide range of angle
L was still low (1.22),

and diffuser

radius.

entry ol the
of attacl: for this ease, however, the €7,
probably beeause ol the ~harp Jeadinr-oidee radius of the

upper hp.
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FrorRE $4. EfTeet of infet sioe and shape on the masimum Lift coctlicient of wirplane 16,
Propeller removed: & =07 bottom outlet.  Inlets installed on both winus,

The effects of the location of wing-duet outlets on the
maximum it and stall of airplane 16 are shown in figure 37,
The maximum lift coellicient of the airplane was 0.07 less
with the outlet at the bottom of the wing than with the
outlet at the top of the wing, .\ wing-duet outlet located oh
the upper surface of a wing has an advantage over a hottom
outlet. other than giving o higher maximum lift coceflicient,
innsmuch as the quantity of air flowing through the duet
automatically tends to be adjusted with angle of attack
heeause of the relative inerease with Ll coeflicient of the

negative pressure at the outlet,
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Floere 45, Fifeet of Jift coellicient on the averape totsl pressere at the front of the radiator
behitd miets 2,4, andd 4. Propeller removed; 3¢ =07; bottom outlet: airplane 16,

Totul-pressure measurements in the wing duets of airplane
2 with propeller operating showed that the flow separated
from the lower lip of the inlet of the left duet, especially in
the elimbing condition.  This separation was probably due
to the slipstream rotation, which inereased the effeetive angle
of attack at the left duet inlet behind the upgoing propeller
blades.  In addition, the inlet-veloeity ratios were too high
and eaused separation of the internal flow.  In order to
remedy these difliculties, the inlet arcas of both ducts were
inereased and the plane of the inlet opening of the left duet
was inereased from 14° to 20° as shown in figure 38, The
effeets of these modifications on the maximum lift coefficient
of the airplane with the propeller removed and with landing
flaps and duct exit flaps vetracted and deflected are also
With the landing flaps and duet exit
was inereased from 1,10 for the

shown m figure 38,
flaps retracted. the €7
oviginal duet installation to 1.26 for the modified ducts,
With the landing (aps extended 45° and duet exit flaps
deflected 41°, the 7 was inereased from 130 to 143
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approvimitte test velocity, 60 miles per hour.  Outlet at bottom of wing,




PA0UIad SR on T SIS ) S U0 toneso] prag-pasdLan: 1o 20911y - ne 181014

boc X w0040 4o 2,6y

f

a0 2 ‘yoojy0 yo atbuy
pra %3 oc o 4 Cr [%3 ocZ o/ a or o€ oc C/ o or oL oc a1

T T T

|

1

l

1

L

i

i
o)

|

|

i
-

|

.

B
RN

N
Gud1214 42302 [417
| (\: P

ALRONAUTICS

1

©
N

)

|

|
1
|

|

T

1

|

ol

R Q7 N R S R R IR N NSO S N

S20-—NATIONAL ADVISORY CONMDMITTEE

NO,

REPORT

32

.J
1) YuaIij 00 Jpi7

LCw Cp ~A G150 24 JS24 2i0wix0UdOY

FONO WO, O T gy jopnoe Joy ooy

Y,
NN
TN /,/o—

N

s FANNONN

)

BN




SUMMARY OF MEASUREMENTS OF MANIMUM

LIFT COEFFICIENTS AND STALLING CHARACTERISTICS OF ARPLAXNES

33

e B e e B L
L BEN ‘
1.4 i e r N }
' ! e i N ‘
! 5 s i \
! ! ; N
t " \‘___ Y |
& =455 ducr onir tlans, : J PN
5 e <N
- — g —
Y r
p 7 ! /:\\J\
: / SV
| / /
‘A
: v y
; / /
’
. A
~ /4 ’ :
- y / i |
= 4 /) ,
\: .F / H
N Vi / ;
; L / ( i
$ 7 . - |
< y O 0% chuct oxit Haeg, U i
s 6 Wi ,/ :
= ~ p
~ /
4 /,
Ay
4 4 ,'/
/i / i
y 7/ Orrginal duct inlet i ;
2 / /, —— =~~~ Modified aduct inlet
. — ~
7l 1/
/)
7,
)4
0o /
-4 7 4 /2 /6 20 24 Right inlet

8
Angle of attack, & deg

FIGURE 38,

Airspeed heads.—The cffect on the air flow over the
wings of placing airspeed heads at the leading edges of the
wings of two airplanesivplanes 17 and #is shown in figure 39,
The airspeed head on airplane 17 was located  directly
at the wing leading edge and resulted in a premature stall
over the secetion of the wing behind the head.  No effeet on
the flow over the wing was observed for the airspeed-head
installation on airplane 5. This airspeed head was foeated on
the lower surface of the wing and extended forward below

the wing leading cdee.
COMPARISON OF SPLIT AND SLOTTED FLAPS

An analysis was made of the increments of lift coeflicient
contributed by split and slotted flaps when installed on air-
planes to ascertain whether these values could be predieted
from results of tests in two-dimensional flow. Measured
values of A(¢ T obtained from tests of faps installed on the
airplanes and corresponding values of A€, computed from
availuble two=dimensional data for similar flaps installed on
smooth wings are compared in figures 40 and 41. The lift
inerements due to the flaps have been taken at about 32 below
the stalling angle of the wing with flaps retracted or defleceted
cwhichever gave the Tower valuesinasmuch as these values
have been found to be relatively independent of test condi-
tions such as Revnolds number and wind-tunnel turbulenee
(reference 10).  For comparison, the two-dimensional ift
data have been evaluated for partial-span tlaps by the methods
presented in reference 11,

'

1

Effeet of duct-intet modifteationsonthe Cr ofnirplane 2. Propeller removed: wing guns installed: approximate test veloeity, 60 miles per hour.

The measured values of A€, for the split-flap installations
showed good agreement in every case with the values com-
puted from two-dimensional data.  For the slotted-flap
installations, however, the measured values were, on the aver-
age, about 20 pereent lower than the calealated values. The
reason for the low values of A¢ . obtained for the slotted-flap
installations is probably the difficulties encountered by manu-
facturers in producing slot shapes of eflicient acrodynamic
design. Tests of an NACA 23012 airfoil cquipped with var-
ous arrancements of slotted flaps (referenee 123 showed that.
in order 1o obtain high Lift inecrements, the nose of the flap
should be located slightly ahead of and below a slot lip that
direets the air downward over the flap.  In addition, in order
to obtain low values of drag at moderate lift coefficients, the
nose of the Hap should have a good acrodynamie form and
the slot entry should be of such shape that no abrupt changes
in the air-flow direction occur.

COMPARISON OF FULL-SCALE-TUNNEL AND FLIGHT MEASUREMENTS
OF (4,

In order to compare wind-tunnel and flight measurements
of the maximum lift coeflicient of an airplane. several factors
must be considered.  Previous investigations (references 13
and 110 have that the maximum  lift
obtained in tests with changing angle of attack were consider-
ably higher than those obtained in tests in which the forcees
were measured with the angle of attack fixed.  The differenee
is attributed to the lag in the separation tendeney with
changing angle of attack.

<hown cocflictent=
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FloURrE 41, Comparison between measured and caleulated values of the inerements in lift
cocllicient due to flap deflection. Slotted flaps,

VMaximum lift coeflicients obtained in flight and in wind
{unnels should be compared at the same Reynolds number.
For the normal range of full-seale-tunuel and flight Revnolds
numbers. the maximum it coeflicients will inerease with
Revnolds number.  In order to show the magnitude of the
Revnolds  number  effect, the variation of (% with
Reynolds number has been plotted in ficure 42 for several
of the airplanes (airplanes 18, 13,4, and 16) and for an
NACA 23012 wing.  Except for the case of airplane 4. the

S20—NATIONAL ADVISORY COMMITTEE FOR AFRONAUTICS

o inereased about 0.10 for each inerease of 17710% in
Revuolds number.  For airplane 4, which has a wing with
low=drag airfoil sections (NACA 66 seriesi, the inerease in
e With Reynolds number was considerably greater.
Propeller operation, even with idling power applied, may
also appreciably inerease the ¢ of an airplane over that
In comparing wind-
conditions of pro-
peller operation must therefore be reproduced. The effeet
of idling propellers on the maximum lift coeflicient of two
typical present-day airplanes tairplanes 5 and 2) is shown in
figure 43, The measurements were made in the wind tunnel
by completely elosing the engine throttles and measuring
the forees with the engine idling.  Inercases of 0.13 and 0.08
in (4, due to the idling propellers were measured for air-

measured with the propeller removed.
tunnel and flight measurements of 7

ner

planes 5 and 2, respeetively.
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FIGERE 42, Effect of Reynolds numher on the maximuom fift coeflicient of several airplanes

and an NACA 23012 wing tested in the Laneley fullseale tunnel,

Full-scale-tunnel and flight determinations of the maxi-
mum Lt coeflicient of an airplane have been shown to be
in agreement when tests were made under similar test con-
ditions of Revnolds number, slipstream. and time rate of
change of angle of attack docdf. As an example, reference
is made to comparative flight and full-seale-tunnel measure-
ments of the ¢ of airplane I8 (referenee 13). Special
eare was taken in this ease to reproduce the flight test con-
ditions in the wind tunnel and the results of the measure-
ments showed agreement within 3 pereent.

The maximum lift coeflicients of airplane 11 as determined
for several flap deflections from full-seale-tunnel and flight
tests are compared in figure 44, The larege discrepancies
bhetween the (wo sets of measurements are atiributed, in

this case, to differences in the testing techmiques.  An
analysis of the flight-test  records showed  that  these

measurements were made at values of de'dt varyving from
.2° to 1.0° per second; the full-seale-tumnel measurements
were made with the angle of attack fixed. The full-seale-
tunnel measurements, in addition. were made with the pro-
peller removed from the airplane; and the test Reynolds
numbers for the full-seale-tunnel measurements were be-
tween 0.5 10% and 1,2 10% less than the flight test Reynolds
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s A S S CONCLUSIONS
e From the results of maximum-fift and stall measurements
’ /Flllhf of 18 airplanes tested in the Langley full-seale tunnel, the
it " . .
/ following conclusions were drawn:
‘ 1. Large improvements in the stalling characteristies and
. 1 ‘, maximum lift cocfficients of airplanes can be obtained by
2 — . . .
“ l ' careful attention to detail design.
l ’ 2. Wings having high taper ratios and large amounts of
. - _\“ sweepback have been shown to be subject Lo poor stalling
; ~ characteristies beeause they are susceptible to tip stalling.
23 2.0 ————t . . .
/ : | The proper combinations of washout and changes in camber
= B ; < yher N . . . . .
3 Futi-scale furnel ’ and wing thickness from root to tip with taper will usually
A - produce satisfactory atnlls on wings subjeet to tip stalling.
b 1 \ 3 The addition of fuselages and nueelles 1o wings [re-
Do eb—— 4 RUI . [ S S . .
o X - quently introduces centers of loeal separation and may
< i : i reduce the maximum 1ilt covcllicient il the wine-fuselage or
IS I ____%___,__,__ S L______ S| . . C )
. ! ] wing-nacelle junctures are not adequately faired.
Z 1 : | ‘ 4 Defleetion of the landing flaps generally tended to
X 16 i i“—‘"*"' ST T “efenn up’ the inboard sections ol a wing and inercased the
b i | | upwash over the outer anflapped portions of the wing.
| | [ TSN SUNUUNS G S— _ . . . .
; i ! ; 5. Propeller operation will cenerally inerease the severity
l J o : of the stall, especially on single-engine airplanes, by producing
i S S S R N ## ] an asymmetrical stall pattern and by cleaning up the inboard
| i sections of the wings.
—- — R . . . .. . .
6. The maximum lift cocflicient of an airplane may be
l appreciably inereased by the climination of wing surface
10 ' . .
o it g W i Ny roughness and air Jenkage through the wings.

tlap etlection, &, Jed
-tunnel measuretents of the nuximum

Comparisan between fight and fullseale
Full-span flaps,

lift coetlivient of airplane L.

Florne (h

The exact contribution to Cloar
in Reynolds number s not
lack of suflicient

nunibers. of the propeller,

of dedt. and of the variation
readily estimable at present heeause of the
theoretical or experimental data; some rough approxima-
tions. however, indieated that {he combined effects of pro-
peller operation, dejedt, and Reynolds number may aceount
for the discrepancies shown in figure 44.

placing machine guns and
he reduced con-
Highest

7 The detrimental effects of
cannon at the leading edge of a wing may
siderably by properly locating the guns in the wings.
maximum ift cocflicients were mensured for machine-gun
installations in which the ends ol the barrels were flush with
at the leading edge and slightly above the

the wing surface
cannon instatlations that were

wing chord line and  for

submerged in the wings.
8. Wing-duet infets with wellcenmbered upper lips prop-

erly alined with the flow at the leading edge of the wing will
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cenerally eause no reduction in the maxinum lift coeflicient
of an airplane: whereas substantial deereases in the maxi-
mum lift cocflicient of an airplane may be caused by duets
with the inlet plane perpendicular to the ehord line and by
inlet lips with small leading-edge radii.

0. The inerements of 1ift coclficient contributed by split
flaps could be computed with suflicient accuracy by the use
of two-dimensional test data: for slotted flaps, however, the
measured inerements of lift coeflicient were, on the average
about 20 pereent lower than those ealeulated  from  the
available (wo-dimensional test data; These low values for
the slotted faps are attributed, mainly, to diflieulties en-
countered by manufacturers in producing slot shapes of
ellicient acrodynamie design,

10. In a single instance where great care was taken to
reproduce the test conditions of Revnolds number, propeller
operation, and the time rate of change of angle of attack,
satisfactory agreement of the maximum lift  coeflicients
determined from full-seale-tunnel and flight tests was ob-
tained. 1t is believed that equally satisfactory agreement
may be obtained with other airplanes provided that sufli-
cient care is taken to reproduce the test conditions.

LANGLEY MEMORIAL ARRONAUTICAL LABORATORY,
NATIONAL Apvisory (COMMITTEE FOR ALRONAUTICS,
LancLey Frenn, Vo, May 19, 194,
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